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Currently, the organisms in coastal areas are suffering from multiple environment 
stress due to global climate change and human pollution, which is exemplified by the 
co-stressors of OA and Hg pollution (hereafter coal burning is a primary causation). 
Expectedly, the co-stressors of OA and Hg pollution have been a common 
environmental disaster faced by coastal ecosystems at the global scale. Lots of studies 
have been carried out to investigate the individual effects of OA and Hg pollution on 
marine biota, however, only the works concerning the combined impacts from these 
two stressors can display environmental ecological significance more realistically. 
Nonetheless, very scare information has been presented about the response and 
adaptability of marine organisms in facing the coupled effects of OA and Hg pollution 
by now. Marine copepods are the main secondary producers and play one of the key 
nodes of material and energy transfer in marine ecosystems. Consequently, the 
copepods play a pivotal role in the marine food webs and also have very important 
ecological functions. In addition, marine copepods have been used as a good model 
species in marine stress ecology research. In this work, using Tigriopus japonicus as a 
model organism, we investigated metal accumulation and its impacts on seven 
important life history traits (survival, sex ratio, nauplius phase, development time, 
number of clutch, number of nauplii/clutch and fecundity/12 d) in the copepod under 
the long-term multigenerational exposure to OA and Hg pollution (F0-F3). 
Meanwhile, comparative quantitative proteomic profiling was conducted to screen 
and identify the proteomes associated with the copepod’s responses to OA and Hg 
pollution (alone and combined). Our study was aimed to elucidate the mechanism of 
action for OA and Hg pollution on T. japonicas, as well as the response mechanism of 
the copepod. More importantly, this work was purposed to reveal the mechanism of 
action concerning the OA impacting on Hg toxicity in T. japonicus. The main findings 
are described as following: 
(1) In contrast to ambient condition, both single Hg treatment and the combined 
















generation, furthermore, the Hg accumulation increasing from F0 to F3. Interestingly, 
when compared with Hg treatment alone, the combined exposure of OA plus Hg 
significantly decreased Hg concentrations in the copepod, suggesting that OA tended 
to reduce Hg accumulation in marine copepod. 
(2) The projected near-future OA level displayed negligible impacts on the 
development and reproduction of T. japonicas. However, Hg pollution significantly 
inhibited number of nauplii/clutch, especially in the case of the F2 and F3 generations. 
Both the number of nauplii/clutch and fecundity/12 d were significantly increased by 
the combined exposure in contrast to single Hg treatment, suggesting that OA did 
significantly alleviate Hg toxicity, at least, to reproductive performance in the 
exposure copepod. 
(3) The projected near-future OA condition produced a significant proteome 
change of T. japonicus, mainly exemplified by the increased protein assimilation and 
proteolysis and decreased the proteins synthesis under reduced pH value. The changed 
proteome might probably be an adaptive energy reallocation strategy for T. japonicus 
in fighting against OA, that is, showing a strong phenotypic plasticity. Hg exposure 
caused a range of toxic events, e.g., oxidative stress, cellular homeostasis 
dysregulation, decreased glutathione metabolism, as a consequence, which restrained 
reproductive capability in the treated copepods. Interestingly, under combination, the 
lysosome-autophagy machinery was initiated to remove the oxidative damaged 
biomolecules (e.g., proteins and enzymes) in the copepods, and consequently 
decreased the restrained impact of Hg pollution on reproductive capacity in the 
copepods. 
(4) It should be emphasized that a common KEGG pathway of neuroactive 
ligand-receptor interaction was significantly enhanced under both single OA and Hg 
pollution, indicating that these two stressors potentially resulted in behavioral 
abnormality in the exposed copepods mainly via disturbance of neuronal activities. 
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缩写 英文名称 中文名称 
2D-DIGE 
Two-dimensional difference gel 
electrophoresis 
荧光差异凝胶双向电泳 
2-DE Two dimensional electrophoresis 双向电泳 
ACN Acetonitrile 乙腈 
ATP Adenosine triphosphate 三磷酸腺苷 
BLAST Basic local alignment search tool 基于局部比对算法的搜索工具 
BSA Bovine serum albumins 牛血清蛋白 
CCMA Center for collections of marine algae 海洋藻类收集中心 






DNA Deoxyribonucleic acid 脱氧核糖核酸 
EDCs Endocrine disruptors 内分泌干扰物 
FA Formic acid 甲酸 
GO Gene Ontology 基因本体注释 
GPx Glutathione peroxidase 谷胱甘肽过氧化酶 
GSH Reduced glutathione 还原性谷胱甘肽 
GSSG Oxidized glutathione 氧化性谷胱甘肽 
GST Glutathione s-transferase 谷胱甘肽 S-转移酶 
IPCC International committee on climate change 国际间气候变化专门委员会 
iTRAQ 
Isobaric tags for relative and absolute 
quantitation 
同位素标记相对和绝对定量 
KEGG Kyoto Encyclopedia of Genes and Genomes 京都基因与基因组百科全书 
N-C Nauplius-copepodie 无节幼体发育时间 
N-A Nauplius-adult 世代发育时间 
PPT1 Palmitoyl-protein thioesterase 1 棕榈酰蛋白硫酯酶 1 
RNA Ribonucleic acid 核糖核酸 
SOD Superoxide dismutase 超氧化物歧化酶 
TCA Tricarboxylic acid 三羧酸 
TEAB Tetraethyl-ammonium bromide 溴化四乙铵 
TMT Tandem mass tag 串联质谱标记 
Tris Hydroxymethyl aminomethane 三羟甲基氨基甲烷 
UNEP United nations environment programme 联合国环境规划署 

























很大程度上缓解了大气中 CO2 浓度的增长趋势，但是大量 CO2 的溶解却引起海
水 CO2分压升高、pH 持续下降的现象，也就是海洋酸化（Ocean acidification）。 
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工业革命之前大气中 CO2浓度大约为 280 μatm 左右，然而目前大气中 CO2
浓度已经突破 400 μatm[3]，这可能是过去 80 万年以来的最高浓度[4]，并且将会以
更快的速度继续增加。数据显示，从工业革命以来，全球大洋已经吸收了 5.6 亿
t CO2，这导致大洋表面海水酸度升高了 30%，pH 下降了 0.1 个单位
[5, 6]。据国际
间气候变化专门委员会（IPCC，2007）预测，大气中 CO2 浓度在本世纪末（即
2100 年）将会超过 1000 μatm，海水 pH 将会随之下降 0.3-0.5 个单位，届时，海





















图 1-1 1985 -2100 年海洋中溶解性 CO2浓度与 pH 变化曲线图 














Dupont 等人证实海水 pH 下降 0.2 个单位导致东大西洋关键种 Ophiothrix fragilis
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